A reverse transcription-polymerase chain reaction (RT-PCR) was used to amplify 1412 bp of the fusion protein gene (F gene) of four Newcastle disease virus (NDV) isolates; two velogenic (TY-1/90 and DIK-90) and two lentogenic isolates (Dongla 88/1 and GD.S.1). Following sequencing, nucleotide sequences were annotated and 894 bp were compared phylogenetically with those from strains previously reported in the Sudan and the virus strains published on the GenBank. It could be demonstrated that TY-1/90 and DIK-90 strains belong to the genotype VI of NDV and are in close genetic relationship to sub-genotype VIb. TY-1/90 and DIK-90 strains were observed to be genetically unrelated to the earlier Sudanese isolates of 1970/80s and the late of 2000s suggesting a different origin. The close genetic relationship to the European and African pigeon paramyxovirus type 1 (PPMV-1) suggests a common ancestor. Dongola, GD.S.1 strains were classified into genotype II that comprises non-pathogenic lentogenic NDV strains. The present genetic classification of NDV isolates of the Sudan provides valuable information on genotypes of NDV. Further molecular epidemiological investigations of the recent outbreaks of Newcastle disease in the Sudan are needed in order to improve the efficiency of control strategies and vaccine development.
Introduction
Newcastle disease (ND) or avian paramyxovirus 1 infection is a viral disease of domestic poultry and wild birds (Alexander, 1997) . Gastrointestinal, respiratory and neurological symptoms of ND extent from subclinical to rapidly fatal based on the pathotype of the virus involved (Alexander, 2003) . The disease is exceedingly contagious and over 250 species of birds of all age groups can be affected with the disease (Alexander et al., 1997) . The causative virus, Newcastle disease virus (NDV), also named avian paramyxovirus type 1 (APMV-l), which has a single-stranded negativesense RNA genome, is classified in the genus Avulavirus of the sub-family Paramyxovirinae, the family Paramyxoviridae and the order Mononegavirales (Lamb et al., 2000) . Diverse genotypes of APMV-1 circulate in various parts of the world and are genetically divided into two classes (class I and class II) and further classified into genotypes based on phylogenetic differences. Class I viruses have the longest of the APMV-1 genomes of 15,198 nucleotides, are genetically less diverse, generally present in wild waterfowl, and are of low virulence (Dimitrov et al., 2016) . Viruses in this class are frequently isolated in live bird market samples and incorporate at least nine genotypes. Class II contains one genotype and its viruses are genetically more diverse, exhibit a wider range of virulence and include at least 16 genotypes (Diel et al., 2012) . NDV strains of low virulence commonly used as vaccines worldwide such as LaSota and B1 are incorporated in class II, genotype II. Viruses of genotypes III, which were predominantly isolated decades ago in Japan, Taiwan and Zimbabwe are now isolated sporadically (Aldous et al., 2003; Miller et al., 2010) . Viruses of genotypes V, VI, and VII, are highly versatile and have been isolated from different countries and continents. Alternately, virulent viruses of genotypes XI, XIII, XVI, XIV, XVII and XVIII appear to have a more restricted geographic distribution and have been isolated predominantly from poultry (Dimitrov et al., 2016) . Another system suggested by Aldous classifies NDV into six lineages and 13 sub lineages and later, three extra sub lineages were added (Aldous et al., 2003; Snoeck et al., 2009 ). In the Sudan, NDV was first reported in Khartoum in 1951 (ARSVS, 1951 . Since then the disease has been regularly mentioned in all reports of the Sudan veterinary services. Diagnosis was based on the picture of disease, but the virus was isolated and identified for the first time in 1962 (Karrar and Mustafa, 1964; Eisa, 1979) . According to Ballouh et al. (1983) , twelve NDV isolates obtained during [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] in the Sudan were mesogenic (n=4) and velogenic (n=8). During the year 1984-1985, four virus isolates were found to be velogenic (Haroun et al., 1992) . In another study, six isolates were obtained from outbreaks in the country N.A. Elmardi et al. Open Veterinary Journal, (2016), Vol. 6(2): 89-97 between 1988 and 1991 and found to possess the characteristics of the viscerotropic velogenic strains of NDV [VVNDV] , and concluded that the VVNDV is the most prevalent pathotype in the Sudan . Search of the literature revealed 3 publications containing phylogenetic analysis of NDV isolates from Sudan (Aldous et al., 2003; Ujvári et al., 2003; Hassan et al., 2010) . Dongola 88/1 strain is a local isolate of lentogenic NDV, which was isolated in 1988 from apparently healthy chickens in Dongola city of Northern Sudan (Khalafalla, 1994) . According to Khalafalla (1994) the chickens from which Dongla 88/1 isolate was obtained were vaccinated with Komarov strain of NDV. LaSota VC is a live vaccine strain (INTERVET, The Netherlands) used to vaccinate chickens in the Sudan. I2 strain is a live lentogenic thermostable NDV vaccine strain originally isolated in the Australian Center for International Agriculture Research (ACIAR) (Bensink and Spradbrow, 1999) . GD.S.1 is a field virus isolated from non-vaccinated local chickens in Gedarif city in June 1993 (Abdelaziz et al., 2004) . The viruses were propagated in embryonated chicken eggs and identified as NDV by hemagglutination inhibition (HI) test according to standard techniques (OIE, 2008) .
RT-PCR Primer design
Primers were designed from conserved nucleotide regions of the NDV fusion protein gene (F-gene). First, sequences of the NDV F-gene of various isolates of NDV were retrieved from the GenBank ® (http://www. ncbi.nlm.nih.gov/Genbank/index.html) and were used for multiple sequence alignment to determine conserved regions in the F-gene. Second, conserved regions in the sequences were selected and primers were manually designed. The primers were NCD_F (5` CAG GCC TCT TGC AGC TGC 3`) and NCD_R (5` TAT AGG TAA TGA GAG CAG ACG 3`). RNA extraction NDV RNA was extracted from harvested virus in chicken embryonic allantoic fluids using Roti ® -QuickKit (Roth, Germany) according to the manufactures' instructions. RNA pellet was dissolved in 15-20 μl DEPC-treated autoclaved distilled water and was immediately used in RT-PCR.
OneStep RT-PCR RT-PCR was performed using QIAGEN ® OneStep RT-PCR Kit (Qiagen, Germany). Primer stock solutions of 100 μM were first prepared and then working dilutions of 10 μM were used in the RT-PCR reactions. Briefly, NDV RNA samples, primers, dNTP mix, 5x OneStep RT-PCR Buffer, Q-solution and RNase-free water were thawed and placed on ice. All components required for RT-PCR were contained in the typical master mix except the template RNA. Five microliters of RNA were added to each 20 μl of mastermix in a PCR tube. A negative control (without template RNA) was included in every experiment. The tubes were incubated in a thermal cycler (Primus96, Peqlab Biotech, Germany) and the RT-PCR program was carried out with the following steps: reaction mixtures were subjected to a 30-min reverse transcription step at 50° C, then heating for 15 min at 95° C to activate the Hot Start Taq DNA polymerase, followed by 35 cycles of 95° C for 30 s, 60° C for 32 s and 72° C for 32 s and a final extension at 72° C for 2 min.
Analysis of PCR product
The PCR products were separated electrophoretically in 2% agarose gel (Sigma, UK) in Tris/Boric acid/ EDTA running buffer (TBE buffer). Agarose gel was prepared by dissolving 1 g of agarose in 50 ml of TBE buffer. Ethidium bromide (1μl/40 ml agrose) was added and the gel was cast into the tray, combs were placed and the gel inside the tray was allowed to solidify for 30 min. Five μl of the PCR products were mixed with one μl of 6X loading dye and transferred into the wells. Two microliters of one Kb DNA ladder (GeneRuler™ 1kb DNA Ladder Plus #SM1331, Fermentas, Germany) was loaded into the first well of the gel. The gel was allowed to electrophorese for 45 min (120V and 30 mA), then DNA was visualized under UV light and the picture was documented using a gel documentation system (Bio-Rad, England). Nucleotide sequencing and phylogenetic analysis PCR products were sent for commercial sequencing to MWG-Biotech AG Company, Germany). Editseq program was used to edit the sequences before forward and reverse sequences of each strain were joined into one sequence using the sequence assembly software Seqman (Lasergen, DNAstar, US). Multiple sequence alignment was performed using ClustalW (http:// N. A. Elmardi et al. Open Veterinary Journal, (2016), Vol. 6(2): 89-97 clustalw.ddbj.nig.ac.jp/top-e.html) and phylogenetic and molecular evolutionary analyses were conducted using MEGA 6 (Tamura et al., 2013) . The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987) . The significance of all deduced phylogenetic trees was verified by bootstrap analysis of 1000 replicates. The nucleotide sequences of isolates TY-1/90 and DIK-90 were compared with nucleotide sequence in the GenBank database using the online BLASTN program on the NCBI website (Altschul et al., 1997) .
To assess the genetic lineage of the NDV strains used in this study, either phylogenetic analysis was carried out using NDV fusion protein gene sequences, which were obtained during this study, or reference sequences obtained from the GenBank. The strain name, host, region and year of isolation, genotype assignment and accession numbers, for all sequences used in the analysis are shown in Table 1 .
Results

Reverse transcription polymerase chain reaction (RT-PCR)
Following RNA isolation, RNA from all the strains was reverse transcribed then amplified in a OneStep RT-PCR reaction to confirm NDV identity and to achieve molecular characterization analysis. The primer set used in this study was able to amplify fragments with the expected sizes of 1412 bp, from the NDV fusion protein gene. Examination of the amplified PCR products following electrophoresis on agarose gels revealed the expected sizes of amplicons for NDV isolates (Fig. 1 (Table 2) . Based on the phylogenetic analysis performed in this study, all studied NDV strains can be divided into two clusters, which represent the genotypes II (strains I-2, Clone 30, GD.S.1, LaSota VC and Dongola 88/1) and VI (TY-1/90 and DIK-90). TY-1/90 and DIK-90 strains clustered close to sub-genotypes b, f, g and e of genotype VI at one branch of the tree, while the other Sudanese strains of the 1970s, 1980s and 2000s clustered close to sub-genotypes a, d and h of genotype VI at the other branch (Fig. 2) . 
Discussion
Four strains of NDV, 2 velogenic (TY-1/90 and DIK-90) and two lentogenic (Dongola and GD.S.1), were selected for this study. A number of 894 nucleotides of the fusion protein gene of each of the strains were sequenced and analyzed before a phylogenetic tree was constructed. The phylogenetic analysis showed that TY-1/90 and DIK-90 strains belonged to genotype VI within a Virus isolate (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) ( 1) A. Elmardi et al. Open Veterinary Journal, (2016), Vol. 6(2): 89-97 sub-group containing sub-genotypes b, f, g and e. The BLAST search revealed a 96% nucleotide homology with VI genotype NDVs mostly from Africa and Asia that were characterized as belonging to sub genotypes a, b, f and e (Van Borm et al., 2012; de Almeida et al., 2013; Umali et al., 2013) . As the partial sequence of the F gene does not allow precise delineation of NDV viruses at the sub-genotype level (de Almeida et al., 2013) , it is not possible to designate a sub-genotype for isolates TY-1/90 and DIK-90. These two strains originated from natural severe outbreaks of ND that occurred in Tayba, 30 Km south of Khartoum, in July 1990 (TY-1/90) and Dikheinat, 15 Km south of Khartoum, in September 1990 (DIK-90) , respectively. Affected chickens exhibited symptoms characterized by profuse diarrhea and paralysis of wings and legs demonstrating the involvement of digestive and nervous systems. According to the classical pathotyping, TY-1/90 and DIK-90 strains were described as viscerotropic velogenic NDV in light of the fact that they kill chicken embryos quickly and produce haemorrhagic lesions in the intestinal tract in infected chickens . The mean death time (MDT) and intracerebral pathogenicity index (ICPI) values used in the pathotyping were similar to those described by Hanson et al. (1973) for the viscerotropic pathotypes of NDV. Genotype VI has been shown to be characterized by frequent branching and repeated epizootics caused by molecular variants separated by only short evolutionary intervals (Lomniczi et al., 1998) . The genotype was divided into eight subtypes (a-h) (Liu et al., 2003; Tsai et al., 2004; Lien et al., 2007) . Genotype VIb is comprised mostly of viruses associated with panzootic infection in pigeons (Columba livia) (Aldous et al., 2003) and isolates studied so far usually belonged to mAb group P (Alexander et al., 1997) . Pigeon isolates were further divided into two genetic lineages (Ujvári et al., 2003) . The majority of isolates clustered into a single genetic lineage, termed VIb/1, within the genotype VI of NDV strains of chickens, whereas a small number of isolates that originated in Croatia after 1995, are grouped in a highly diverged lineage, termed VIb/2. Our phylogenetic analysis showed that the Sudanese strains TY-1/90 and DIK-90 studied in this study cluster close to genotype VIb that included four strains isolated from pigeons and doves. This finding supports the assumption that the pigeon PMV-1 (PPMV-1) could be of African origin (Ujvári et al., 2003) . The mid-1970s recorded outbreaks of ND occurred in chicken in Sudan were caused by Genotype VI including SD-2/75, SD-3/75 and SD-4/75 strains (Ujvári et al., 2003 et al., 2003) . Generally, genotype II has two subclusters a velogenic and a lentogenic (Qin et al., 2008) . The Beaudette C/45 and Texas48 isolates, which have a polybasic-F0 cleavage site motif typical for velogenic NDV strain fall into one subcluster, while the reference vaccine strains (LaSota, B1, Clone 30, La Sota/46 and V4), which have a motif typical of lentogenic NDV strain fall into the other subcluster. All the above-mentioned isolates analyzed in this study fell into the lentogenic cluster of genotype II. For Dongola 88/1 strain, this result is in accordance with our previous findings of Khalafalla (1994) . Khalafalla described Dongola strain, which was isolated in 1988 from apparently healthy chickens in Dongola town of northern Sudan, as a lentogenic pathotype of NDV, causing a mild or inapparent infection of the respiratory tract. The study of the mAb binding pattern placed Dongola strain in group E of paramyxoviruses (Khalafalla, 1994) . The results obtained for GD.S.1, which was isolated from Gedarif in June 1999, are in contrast with the previous description of the strain as velogenic (Abdelaziz et al., 2004) . These two isolates are probably originated lentogenic strains of NDV used as vaccines. Further whole genome sequencing is expected to unveil whether these isolates were vaccine or field lentogenic strains. A limitation of this study is that we used partial F gene sequences to characterize genetically our NDV isolates instead of the full F gene as proposed by Diel et al. (2012) . It can be concluded that both lentogenic and velogenic NDV exist in Sudan. Genotype VI of NDV has been maintained since 1970s and until at least the 1990s. This genotype has probably given origin to PPMV-1 strains of the 1980s. Amid the same period, other genotypes of NDV existed in Sudan. Genotype IV was isolated from domestic fowls on 2 occasions; in 1987 (Hassan et al., 2010 ) and in 1991 (Aldous et al., 2003 . More
